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Introduction 

The RCA 1600 is made up of several functional blocks and registers. 
The functional flow diagram of the RCA 1600 shovs how these are 
interconnected functionally. 

Main Memory 

The RCA 1600 has a memory cycle of 1.8 microseconds for accessing 
an 18 bit word. This includes 16 data bits, a memory protect bit, 
and a parity list. Odd parity is used. The RCA 1600 core memory 
comes in modules of IK, 2K, 4K, 8K, 16K, 32K and 64K bytes. Memory 
can be accessed either by byte or word. 

Standard Registers 

There are sixteen 16-bit registers formed physically from 16 
integrated circuit chips. These are the standard registers of 
the RCA 1600. They are addressed as full words (16 bits) or bytes 
(8 bits). They serve as Basic Instruction Counters (BIC) , address 
registers, high speed I/O registers, as well as working storage 
registers as required by programs. 

The standard registers are divided into two sets. While the use of 
the standard register is largely a matter of application definition, 
they have specific functions as shown on the functional flow diagram. 
Which register set the instruction fields are referring to is 
designated by the X Register (Program State) defined below. Referring 
to the Register Matrix of the Functional Flow diagram it will be 
noted that the Register Set one is grouped from AOAl to HOHl. AO 
refers to the most significant byte of the word and Al the least. 
HOHl is the Basic Instruction Counter of Register Set 1. Register 
Set Two is grouped from lOIl to POPl. NONl contains the I/O memory 
address and 0001 contains the byte count. These are used in 
conjunction with the high speed I/O channel of the RCA 1600. POPl 
is the Basic Instruction Counter for Register Set 2. The purpose 
of the NONl and 0001 registers is to accommodate devices with high 
transfer rates. 



The X Register (Program State) 

Which Register Set the instruction fields are referring to and 
which Basic Instruction Counter is sequencing the next instruction 
fetch is designated by the 3-bit Program State (X) Register. The 
register settings have the following meanings: 

X0=0 Basic Instruction Counter HOHl and the Register Set 1 
is used for MA field. 

X0=1 Basic Instruction Counter POPl is used and the 
Register Set 2 is used for MA field. 

Xl=0 R Field uses Register Set 1 

Xl=l R field used Register Set 2 

X2=0 Automatic Interrupt Permitted. 

X2=l Automatic Interrupt Inhibited. 

Normal use of the RCA 1600 system would have all three bits set 
either zero or one. Thus, all zeroes refer to Program State 1 
and all ones refer to Program State 2. However, each bit may be 
set individually as required for specific applications. 

The W Register (Control) 

This register is utilized for testing of conditions resulting from 
actions of basic instructions and/or for program linkage. The bits 
of the W Register have the following meaning: 

WO Carry 1 - Indicates carry from most significant 

bit (2^ or 2l5) of an arithmetic 
operation. 

Wl NZD - Indicates arithmetic operation was zero 

or not zero. 

W2 - Used for program use. 

W3 - Used for program use. 

W4 Carry 2 - Indicates a carry from the next most 

significant bit (2^ or 2^'^) of an 
arithmetic operation. 



W5 
W6 



BIT Test 



- Used for program use. 

- Indicates result for Bit operation 
Basic Instruction or sign of 
arithmetic operation. 



W7 program Indicator - Sets Program Indicator Light on Console. 
DAD Register (Device Address) 
The I/O Device Address Register is a one byte (8 bit) ^^gi^ter 

ik. -re-.uSX 7-Z^^^:^ ^^ZL..^s 
available, 5 have been permanently assigned: 



(00) 16 

(01)16 
(02)16 

(03) 16 

(FF)l6 



Assigned to High Speed l/O Service Request. 
(Not used by the Programmer) 

Reserved for Basic I/O 

Assigned to identification of Class 1 interrupts. 

Assigned to identification of Class 2 interrupts. 

Reserved for Test and Maintenance Programming. 



Assignment of other DAD addresses is usually at system installation 
time. 



BOUT (Bus Output) Register 



BOUT consists of 8 output lines and one of the ^^^ f ^f ^. ^^^!^out 
BOUT-SI is the output register of one byte ^^-^^^^^^/^^^^^^ ^^""^ 
lineq and Strobe 1 which in turn are connected to the I/O Bus. 
WhrBOU?-ll is addressed by one of the basic i-tructions the 
information byte is transferred to the CE via the BOUT lines of the 
I/O BUS and Strobe 1 signal via the Strobe 1 line. Which CE will 
accept the information and the resulting actions are defined by 
the current DAD address and CE specifications. 

B0UT-S2 is identical with BOUT-Sl except the Strobe 2 line is 
used in place of Strobe 1. 
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BIN (Bus Input) Register 

A Bus Input Register physically consisting of the 8 BIN lines of 
the I/O Bus. The contents of the BIN lines are determined by the 
DAD address and the CE specifications. BIN-SO refers to the 8 BIN 
lines and with no strobe lines used. The basic instruction may 
address the register as individual bits or as an entire byte. When 
addressing individual bits, the least significant position (2^) of 
BIN is designated as BINO to the most significant position (2') of 
BIN or BIN7. A CE is not affected or notified when BIN-SO is 
addressed. 

BIN-SI consists of the 8 BIN lines and Strobe 1 of the I/O Bus. 
When BIN-Sl is addressed, a Strobe 1 signal is transmitted via the 
strobe one line. Which CE will accept this signal and the resulting 
actions are defined by the current DAD address and the CE specifi- 
cations. 

Arithmetic Unit 

The RCA 1600 arithmetic unit physically is an 8-bit binary adder. 
The Basic Instruction arithmetic functions are for 8 or 16 bit 
operations. Since 16 bit operations are automatically cycled in two 
steps through the adder, the system is functionally a 16 bit 
arithmetic unit. 

MAR Register is the Memory Address Register. MARO and MARl refer 
to the most and least significant byte of the word respecitively. 

MR Register is the Memory Register and holds the most (MRO) and 
least (MRl) significant byte of the word. 

BIR Register is the Basic Instruction Register. The contents are 
functionally decoded, parity checked, and Memory Protect is checked 
here. 



The Basic Instructions total 29. They are logically divided into 
3 groups. The formats of these groups are as follows: 



Group 1 



Memory to Register 



10 Instructions 



Function Code 



MA 



R 



5 Bits 



3 Bits 



3 Bits 



1 Bit 



4 Bits 
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The instructions of Group I are: 

Instruction 

Write to Memory 

Read Memory and Transfer 

Read Memory and Add 

Read Memory and Subtract 

Read Memory and Add with Carry 

Read Memory and Subtract with Carry 

Read Memory and Compare 

I/O Transfer to Memory 

I/O Transfer from Memory 

Memory Protect Set and Reset 



Group II 



Register to Register 



Mnemonic 

WTM 

RMT 

RMA 

RMS 

RMAC 

MMSC 

RMC 

lOTM 

lOFM 

MPSR 

10 Instructions 
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SF 
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R2 


Function Code 


5 Bits 


4 Bits 


2 Bits 


1 Bit 


4 Bits 
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The instructions of Group II are 

Instruction 

Add 

Subtract 

Add with Carry 

Subtract with Carry 

Compare 

And 

Or 

Exclusive Or 

Transfer 

Standard Register Set Transfer 



Mnemonic 

ABR 

SBR 

ABRC 

SBRC 

CMPR 

ANDR 

ORR 

XORR 

TRR 
SRST 



Group III General Instructions 9 Instructions 



Function Code 



5 Bits 



Depends Upon Specific Instruction 



11 Bits 



2I5 2^^ 2^^ 2^ 



The formats of the 9 general instructions vary according to 
their specific function. The 9 instructions are: 

Instruction Mnemonic 

Halt ^^^^ 

Shift SFT 

Test and Branch "^^^ 

I/O Test and Branch lOB 

Decrement and Branch DAB 

Increment and Decrement IDR 

Bit Operation ^^T 

Constant to Standard Register CSTR 

Constant to Special Register CSPR 



ElMC Read Memory and Compare 



MPCOM 
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3 Bits 
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1 Bit 


4 Bits 




2l5 2II 


- 2^0 2^ 


2? 23 


24 


23 


2O 



Bit Position 



Instruction Time - Byte Operation 

Word Operation 



3.6 us 
4.5 us 



This instruction performs a compare between two operands, one 
from memory and the other from a standard register. The operands 
are unchanged at the termination of the RMC instruction and the 
results of the compare can be tested through the W Register 
(Control Register). 



R 



(MA) 



The contents of the memory location addressed by the contents of 
the standard register specified by the MA field is one operand. 
The contents of the standard register indicated by the R field is 
the other operand. The results of the instruction modify the 
Control Register (W) bits as follows: 

The initial setting of the control register does not effect this 
operation. However, RMC modifies bits of the W register (Control 
Register) as follows: 



W Register Bit 
2O Carry 1 



24 Carry 2 



Action On 

Set to one if carry, set to zero if no 
carry from most significant bit of 
operation (2^ for byte and 2^-* for 
word operations) . 

Set to one if carry, set to zero if no 
carry from next most significant bit of 
operation (26 for byte and 2l4 for word 
operations) . 



I<MC Continued 
W Register Bit 
2^ NZD 

26 Bit Operation Test 



Action On 

Set to zero if result of operation is 
zero, set to one if operation is non-zero. 

Set to zero if most significant bit of 
result is zero and set to one if it is 
one (27 for byte and 2l5 for word operations) 



and are interpreted as follows: 
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if 

MA = R 
MA ?^ R 
MA:? R 
MA -^ R 
MA - R 
MA ^ R 
MA:? R 
MA < R 



Then W bits 


are set as follows 


2I of W = 


(Binary) 


2I of W = 1 


(Binary) 


2O of W = 1 


(Binary) 


2O of W = 


(Binary) 


2I of W = 


(Signed) 


2I- of W = 1 


(Signed) 


26 of W = 


(Signed) 


26 of W - 1 


(Signed) 



RMC Continued 

The S field indicates whether one byte or one word operations are 
executed. If S = 0, a byte operation is performed and if S = 1, a 
word operation is performed. 

The I field specifies the amount of increment or decrement of the 
contents of the standard register specified by the MA field. The 
amount is programmed as follows: 
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The setting of the Program State (X) Register bits 2^ and 2^ 
conditions the R and MA fields as follows: 
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NOTE: If S=l, 20 of the R field are 2^ of the MA register is 
ignored and the full word is used for this operation. 



RMT 



Read Memory and Transfer to Matrix 



MPXF 
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Function Code 


11010 


3 Bits 


3 Bits 


1 Bit 


4 Bits 
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Bit Position 



Instruction Time - Byte or Word 



3.6 us 



This instruction loads the contents of a memory location to a 
standard register. The MA field specifies the standard register 
which contains the word memory address of the data to be transferred 
to a register specified by the R field . 



The S field specifies whether one byte or one word is stored. 
S = 0, a byte is stored; if S = 1, a word is stored. 



If 



The I field specifies the amount of increment or decrement of the 
contents of the standard register identified in the MA field. The 
amount is specified in the I field as follows: 
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RMT Continued 



The setting of the Program State Register (X) 
conditions the R and MA field as follows: 
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The Control Register (W) is not affected nor does it affect this 
instruction. 



Note; 



If S 



The 2 bit of the R field is ignored and the 
2 bit of the MA register is ignored and the 
full word from meinor)^ is stored into the 
register. 



RMA 



Read Memory and Add 



MPADD 



F\jnction Code 
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MA 
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1 Bit 
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Bit Position 



Instruction Time - Byte Operation 

Word Operation 



3.6 us 
4.5 us 



This instruction performs a binary add of two operands, one from 
memory and the other from a standard register. The result is stored 
in the standard register. 



R + (MA) 



R 



The contents of a memory locations addressed by the contents of 
the standard register, indicated by the MA field is one operand. 
The contents of the standard register, indicated by the R field, 
is the other operand. The result is stored in the standard 
register identified in the R field. 

The S field identifies whether one byte or one word operations are 
performed. If S = 0, a byte operation is performed; if S = 1, a 
word operation is performed. 

The I field states the amount of increment or decrement of the 
contents of the standard register identified in the MA field. The 
amount is specified in the I field as follows: 
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RMA Continued 



The setting of the Program State Register (X) bits 20 and 2l 



conditions the MA and R fields as follows: 
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The setting of the Control Register (W) does not affect this 
instruction. However, the RMA modifies bits of the W Register as 
follows: 



W Bit 



2^ Carry 1 



2^ Carry 2 



2^ NZD 



Action On 

Set to one if carry, set to zero if no 
carry from the most significant bit of 
operation (2^ for byte operation, 2^^ for 
word operation). 

Set to one if carry, set to zero if no 
carry from next most significant bit of 
operation (2^ for byte operation, 1^^ 
for word operation) . 

Set to zero if result of operation is zero, 
set to one if result of operation is non- 
zero. 



RMA Continued 



W Bit 

26 Bit Operation 
Test 



Action On 

Set to zero if most significant bit {1' 
for byte operation, 2^5 for word operation) 
of the result is zero. Set to one if most 
significant bit of result is one. 



Note: If S = 1 



2O of the R field and 2^ of the MA register is 
ignored and the full words are used for this 
operation. 



RMAC 



Read Memory and Add With Carry 



MPAC 



Function Code 
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2ll 2l0 28 27 25 
Bit Positions 



1 Bit 



Instruction Time - Byte Operation 3.6 us 

Word Operation 4.5 us 



4 Bits 



>0 



RMAC performs a binary add of tvio operands, one from memory and 
the other from a standard register, plus an initial carry setting, 
and stores the result at the standards register. 

R + (MA) + W0(20)-^ R 

The contents of a memory location addressed by the contents of the 
standard register specified in the MA field is one operand. The 
standard register addressed by the R field in the other operand. 
The contents to carry 1 (2^ of the W register) provides the initial 
carry. The result is stored at R. 

The S field indicates whether one byte or one word operations are 
performed. If S = 0, a byte operation is performed. If S == 1, a 
word operation is indicated. 

The I field specifies the amount of increment or decrement desired 
for the standard register addressed in the MA field. The amount 
is as follows: , 
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RMAC Continued 



The setting of the Program State (X) Register 
the R and MA fields as follows: 



bits 2^ and 2^ affects 
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The initial setting of the W Register affects the operation as 
follows : 



W Register Bits 
2^ Carry 1 



Action On 

The setting of this position is used as 
a carry into 2^ position of the operation, 



and the instruction modifies bits of the W Register as follows: 



20 Carry 1 



2^ Carry 2 



2^ NZD 



Set to one if carry, set to zero if no 
carry from the most significant bit of 
the operation (2^ for byte and 2^^ foj- word 
operations) . 

Set to one if carry, set to zero if no carry 
from next most significant bit of operation 
(2^ for byte and 2^^ for word operations) . 

If result of this operation is a zero, this 
bit will remain unchanged from its initial 
condition. If the result of the operation 
is non-zero, the bit is set to one. 



KMAC Continued 

W Register Bits Action On 

2 Bit Operation Test Set to zero if most significant bit of 

result is zero. Set to one if most 
significant bit of result is one. (27 for 
byte and 2l3 for word operations). 



Note: If S = 1 - 20 of the R and MA register is ignored and 

the full word operation is performed. 



Page Missing From Original Document 



RMSC Continued 

W Register Bits Action On 

2^ Bit Operation Test Set to zero if most significant bit of 

the result is zero and set to one if it is 
one (27 for byte and 2^5 for word operations) 



Note: 1. The difference is placed in the subtrahend rather than 
the minuend. In Register to Register Subtract, the 
result replaces the minuend. 

2. If S = 1, 20 bits of the R field and MA register are 
ignored and the full word is used for this operation. 



IWSC Continued 



The setting of the Program State (X) Register Bits 20 and 2l 
conditions the R and MA fields as follows: 
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The initial 
follows: 



setting of the W Register affects this instruction as 



W Register Bits 
2^ Carry 1 



Action On 

The setting of this position is used as a 
carry into 2" position of the opera<;ion. 



and the instruction modifies bits of the W register as follows: 
2O Carry 1 



2^ Carry 2 



2l NZD 



Set to one if carry, set to zero if no 
carry from most significant bit of operation 
(2' for byte and 2^^ for word operation) . 

Set to one if carry, set to zero if no carry 
from next most significant bit of operation. 
(2^ for byte and 2^^ for word operations). 



If the result of this operation is a zero, 
bit will remain unchanged from initial 
conditions. If the result of the operation 
is non-zero, the bit is set to one. 
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lOFM I/O Transfer From Memory 
(Transfer Memory to Bout) 
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Bit Position 



Instruction Time 



3. 6 us 



This instruction transfers the contents of a one byte memory location 
to an input/output Control Electronics (CE) . The CE is specified by 
the previously set Device Address Register (DAD). The memory byte 
location is specified by the contents of the standard register 
designated by the MA field (an odd memory address specifies the low 
order byte, an even the high order byte of the memory word). The 
transfer over the I/O Bus is conditioned with Strobe 1 or Strobe 2 
as indicated by the R field. The R settings are as follows: 



XXOX 
XXIX 



Bout 2 
Bout 1 



(X means don't care case) 



The S field is ignored since all operations are one byte. 

The I field designates the amount of increment or decrement of the 
MA register as follows: 
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The W (Control) Register does not affect nor is it modified by their 
instruction. 



lOFM Continued 

The setting of the X (Program State) Register 2^ bit conditions the 
MA field as follows: 
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lOTM I/O Transfer to Memory 
(Write Bin to Memory) 



WTBM 
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Bit Position 



Instruction Time - 3.6 us 



This instruction provides the ability to transfer 8 bits to a one 
byte memory location from the Input/Output Bus. The CE (Control 
Electronics) is specified by the previously set Device Address 
Register (DAD). The memory byte location is specified by the 
contents of the standard register designated by the MA field. 
(An odd memory address specifies the low order 8 bit byte of the 
memory word and the even memory address designates the high order 
8 bit byte of the memory word.) The CE may or may not be notified 
of the transfer as indicated by the R field. When Bin is designated, 
no strobe is sent and when Bin 1 is designated, strobe 1 is sent. 

The valid R settings are as follows: 

XXOX Bin (X means don't care case) 
XXIX Bin 1 

The S field is ignored since all operations are one byte. 

The I field provides the ability to increment or decrement the MA 
register as follows: 
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lOTM Continued 

The W (Control) Register does not affect nor is it modified by 
this instruction. 

The setting of the X (Program State) Register 2^ bit conditions 
the MA field as follows: 
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RMS 



Read Memory and Subtract 



MPADD2 
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Fiinction Code 


10001 
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1 Bit 
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Bit Position 



Instruction Time - Byte Operation 

Word Operation 



3.6 us 
4.5 us 



The instruction performs a binary subtract between two operands, 
one from memory and the other from a standard register. The result 
is stored in the standard register. 



(MA) 



R 



R 



The contents of the memory location , addressed by the contents of 
the standard register indicated in the MA field , is the minuend. 
The contents of the standard register , indicated by the R field is 
the subtrahend . The result is stored in the standard register 
specified by the R field. 

The S field indicates whether the instruction operates on bytes or 
words. If S = 0, a byte operation is executed. If S = 1, a word 
operation is performed. 

The I field provides the ability to increment or decrement the 
register specified in the MA field. The amount is specified below; 
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RMS Continued 

The setting of the Program State Register (X) 
conditions the MA and R fields as follows: 
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The initial setting of the W Register (Control) does not affect 
this instruction. However RMS modifies bits of the Control Register 
as follows: 



W Bit 



20 Carry 1 



24 Carry 2 



2l NZD 



Action On 

Set to one if carry, set to zero if no 
carry from the most significant bit of the 
operation. (27 for byte and 2l5 for word 
operations) 

Set to one if carry, set to zero if no 
carry from the next most significant bit 
of operation. (2^ for byte one 21^^ for 
word operations) . 

Set to zero if result of the operation is 
a zero, set to one if result is non-zero. 



RMS Continued 



W Bit 



2^ Bit Operation Test 



Action On 

Set to zero if most significant bit of 
result is zero. Set to one if most 
significant bit of result is one. (27 of 
for byte and 2^5 for word operatipns) . 



Note ; 1. This instruction places the difference in the 

subtrahend rather than the minuend. Hov7ever, the 
Register to Register subtract instruction places 
the difference in the minuend. 



2. If S = 1 - 



2^ of the R field and MA register is 
ignored and the full words are used for this 
operation. 



WTM Write to Memory 
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2^ Bit Position 



Instruction Time - Byte or Word 



3.6 us 



This instruction stores the contents of a standard register to high 
speed memory. The contents of a register specified by the R field 
is stored at memory location specified by the v7ord contents of the 
standard register specified by the MA field . 

The S field specifies whether one byte or one word is stored. If 
S = , a byte is stored. If S = 1 , a word is stored. 

"T^^ I field specifies the amount of increment or decrement of the 
contents of the standard register specified by the MA field . The 
amount is specified in the I field as follows: 
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WTM Continued 



The setting of the Program State (X) Register Bit 2^ and 2^ conditions 
the R and MA fields as follows: 
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The Control Register (W) does not affect or is it modified by this 
instruction. 



NOTE: If S 



1 - 20 of the R field is ignored and 2^ of the 
MA register is ignored and the full word is 
stored in memory. 



MPSR Memory Protect Set and Reset 



MPSR 
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Instruction Time 



3.6 us 



This instruction provides the function of setting or resetting the 
memory protect bit (2-^") of a memory word. The MA fields give the 
location of the memory word. The S field has no effect on this 
instruction and 2^ of the MA field is ignored and a full word 
operation is performed. However, the 20 position of the R field 
indicates set or reset as follows: 



2° = 1 
20 = 



Memory Protect Set 
Memory Protect Reset 



The I field specifies the amount of increment or decrement of the 
standard register designated by the MA field. The amount is as 
follows: 
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MPSR Continued 

The setting of the Program State Register (X) bit 2^ conditions MA 
fields as follows: 



MA 
HELD 



fo 9 9 
2 2 2 


\o /I 


o 


o 





^ 


J 


o 





t 


e 


J 


o 


1 


Q 


c 


^ 


o 


/ 


/ 


p 


/ 


1 


o 


O 


£ 


Af 


1 


o 


1 


F 


tj 


1 


/ 


o 


G 


o 


/ 


/ 


1 


u 


p 



Note: This instruction has no effect on the data portion of the 
memory word. Addressing a memory word with the memory 
protect bit set with this instruction will not cause 2^ 
of the W (Control) Register to be set. Thus, the Control 
Register (W) setting has no initial effect nor is it 
modified by this instruction. 



CMPR Compare 

(Register Perform - Compare) 



RPCOM 
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Bit Position 



2O 



Instruction Time - Byte Operation 

Word Operation 



1.8 us 
2.7 us 



This instruction performs a compare between two operands which are 
registers. The operands are not modified at termination of this 
instruction and the results of the compare are tested through the 
W (Control Register) . 

Rl . R2 

The contents of the registers specified by the Rl and R2 fields are 
the operands. The results of the instruction modify the Control 
Register Bits by the below rules. (The initial setting of the 
W Register does not affect this instruction) . 



W Register Bit 
2^ Carry 1 

2l NZD 
2-'- NZD 
2^ Bit Operation Test 



Action On 

Set to one if Rl operand is greater or equal 
to R2 operand and set to zero if less (Binary 
absolute) . 

Set to one if Rl operand is equal to R2 
operand (Binary - absolute). 

Two's complement (signed) comparison is 
one if not zero, zero if equal. 

Is zero if Rl operand is greater or equal 
to R2 operand and is one if less. 



and are interpreted as follows 
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Rl?iR2 
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R1<;R2 

R1=R2 

Rl?iR2 
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Then W bits are set as follows 
2^ of W = 



2^ of W = 
2^ of W = 



20 
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of W 
of W 
of W 
of W 
of W 



(Binary) 
(Binary) 
(Binary) 
(Binary) 
(Signed) 
(Signed) 
(Signed) 
(Signed) 



The SF field indicates whether the register addresses are to be 
treated as standard or special register. This is indicated by 
setting the Sub-Function (SF) field as follows: 

Action 

Rl . R2 
S . R2 
S . R2 

Where S is the only one of the following valid registers for this 
instruction: 
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CMPR Continued 



The S field indicates a byte (S = 0) or word (S = 1) operation. 

When an R field designates a Standard Register, it is conditioned 
by the Program State (X) Register bit 2^ as follows: 

R2 
f?F/£LDS 
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Note if a Special Register is designated, 2^ and iJ bits of the 
instruction are don't care cases. 



NOTES: 



When a Special Register is indicated, the S field of 

the instruction is ignored and the operation is byte only. 

If S = 1, 20 of the R2 and 2^ of the Rl fields are 
ignored and the full data words are used for this 
instruction. 



ABR 



Add 

(Register Perform - Add) 



Function Code 



11101 



2l5 



Rl 



4 Bits 



2II 2IO 



SF 



2 Bits 



2? 26 



1 Bit 



RPADD 



R2 



4 Bits 



25 2^ 2^ 



2O 



Instruction Time - 



Bit Position 

Byte Operation 1.8 us 
Word Operation 2.7 us 



This instruction performs a binary add of two operands - both 
from registers. The result is stored at one of the registers. 
The contents of the registers indicated by the Rl and R2 registers 
are the operands. The result is stored in Rl or R2 depending upon 
the setting of the SF (sub -function) field. The SF field also 
indicates whether register addresses are to be interpreted as 
standard or special registers as follows: 



Action 



Rl + R2 --> Rl 
S + R2 -» R2 
S + R2 > S 
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where S is only one of the following special registers for 
this instruction: 

BIN BIN 1 
DAD 
W 
X 



The S field indicates whether one byte or one word operations are 
to be performed. If S = 0, one byte operations are performed; and 
one word operations are performed. 



if S = 1, 



ABR Continued 



When an R field designates a standard register , it 
the X Register (Program State) bit 2^ as follows: 

Rl 



is conditioned by 
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Note that if a special register is designated, the 2^ and 27 bits 
of the instruction are don't care cases. 

The initial setting of the W Register (Control) does not affect 
this instruction. However, the operation modifies bits of the W 
Register as follows: 



W Register Bit 
20 Carry 1 



2^ Carry 2 



2l NZD 



Action On 

Set to one if carry, set to zero if no 
carry from most significant bit of 
operation. (27 for byte and 2l5 for 
word operations) . 

Set to one if carry, set to zero if no 
carry from next most significant bit of 
operation. (2^ for byte and 2^^ for 
word operations). 

Set to zero if result of operation is a zero, 
set to one if result is non-zero. 



ABR Continued 

W Register Bit Action On 

2 Bit Operation Test Set to zero if most significant bit 

(2 for byte and 2 for word operations) 
of result is zero. Set to one if most 
significant bit of result is one. 

NOTES : 1. When a Special Register is indicated for an R field, 

the S field is ignored and the operation is byte only. 

2. If S = 1, 20 of the R2 and 27 of the Rl fields are 
ignored and the full data v/ords are used for this 
instruction. 



SBR Subtract 

(Register Perform - Add 2's Complement) 



RPADD2 



Function Code 



10101 



.15 



Rl 



4 Bits 



SF 



2 Bits 



2II 2IO 2^ 2^ 2^ 
Bit Position 



1 Bit 



R2 



4 Bits 



2O 



Instruction Time - Byte Operation 1.8 us 

Word Operation 2.7 us 



This instruction performs a binary subtract of two operands, both 
from registers, and stores the result at one of the registers. 
The contents of the register indicated by the Rl field is the* 
minuend and the contents of the register indicated by the R2 field 
is the subtrahend. The result is stored in Rl or R2 depending 
upon the setting of the Sub-Function (SF) field. The setting of the 
SF field also indicates whether register addresses are to be 
interpreted as standard or special register as follows: 
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Action 

Rl - R2 -> Rl 
S - R2 > R2 
S - R2 -> S 

where S is only one of the following special registers that 
are valid for this instruction: 

BIN BIN 1 

DAD 

W 

X 

The S field indicates a byte or word execution. If S = 0, a byte 
operation is performed and if S = 1, a word operation is performed. 



SBR Continued 



When an R field designates a standard register, it is 
by the X (Program State) register bit 2^ as follows: 
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Note that if a special register is designated, the 2^ and 27 bits of 
the instructions are don't care Cctses. 

The initial setting of the W Register (Control) does not affect this 
instruction. However, it does modify bits of the W Register as 
follows: 



W Register Bit 
2^ Carry 1 



24 Carry 2 



2l NZD 



Action On 

Set to one if carry, set to zero if no 
carry from most significant bit of 
operation (2' for byte and 2-'-^ for word 
operations) . 

Set to one if carry, set to zero if no carry 
from next most significant bit (26 for byte 
and 21'^ for word operations). 

Set to zero if result of operation is a 
zero, set to one if result of operation 
is non-zero. 



SliR Continued 

W Register Bit Action On 

26 Bit Operation Test Set to zero if most significant of the 

result is zero and to one if most 
significant bit of result is a one (27 
for byte and 2l5 for word operations) . 



NOTE: 1. Register to Register Subtract Difference replaced the 
minuend whereas Memory to Register Subtract Difference 
replaces the subtrahend. 

2. When a Special Register is indicated for an R field, 
the S field is ignored and the operation is byte only. 

3. If S - 1, 2^ of the R fields are ignored and the full 
data words are used for this instruction. 



ABRC Add with Carry 

(Register Perform - Add With Carry) 



RPAC 



F 


Rl 


SF 


S 


R2 


Fxmction Code 


11111 


4 Bits 


2 Bits 


1 Bit 


4 Bits 



.15 



2II 2^0 7? 2^ 2^ 
Bit Position 



23 



Instruction Time - Byte Operation 1.8 us 

Word Operation 2.7 us 



2O 



This instruction performs a binary add of two operands from 
registers, plus an initial carry setting, and stores the result 
at one of the registers. The contents of the registers specified 
in Rl and R2 fields are the operands. The contents of carry 1 
(2^ of the W Register) provides the initial carry. The Result is 
stored in Rl or R2 depending upon the setting of the Sub-Function 
(SF) field. The SF field also indicates whether or not register 
addresses are to be interpreted as standard or special registers. 
This is indicated as follows: 



Action 



Rl + R2 + WO -^ Rl 
S + R2 + WO— >R2 
S + R2 + W0-> S 



SF Setting 


26 


25 











1 


1 






where S is only one of the following special registers that are 
valid for this instruction: 

BIN BIN 1 

DAD 

W 

X 

The S field indicates a byte or word operation. If S = 0, a byte 
operation is performed and if S = 1, a word operation is executed. 



ABRC Continued 



bv^^h^v^rp^^^'^ designates a standard register, it is conditioned 
by the X (Program State) register bit 2^ as follows: 
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instruftion^^r^i ''?''''^ "' designated, 20 and 2^ bits of the 
instruction are don't care cases. 

as'foi!lows- """"^ °' "•' " (Control) Register affects the operation 



W Register Bit 
20 Carry 1 

24 Carry 2 



2l NZD 



Action On 

The setting of this position is used as 
a carry into 20 position of the operation, 

Set to one if carry, set to zero if no 
carry from next most significant bit of 
operation (20 for byte and 2l4 for word 
operations) . 

If result of operation is zero, this bit 
is set to zero, if non-zero, it is set to 
one. 



ABRC Continued 

W Register Bit Action On 

2^ Bit Operation Test Set to zero if most significant bit of 

result is zero, set to one if not zero 
(27 for byte and 21-5 for word operations) 

NOTE: 1. When a Special Register is indicated for an R field, the 
S field is ignored and the operation is byte only. 

2. If S = 1, 20 of the R2 and 27 of the Rl fields are 
ignored and the full data words are used for this 
instruction. 



SBRC Subtract With Carry 

(Register Perform - Subtract With Carry) 



RPSC 



F 


Rl 


SF 


S 


R2 


Function Code 


10111 




4 Bits 


2 Bits 


1 Bit 


4 Bits 



as 



2II 2IO 27 26 25 2^ 
Bit Position 



23 



2O 



Instruction Time - Byte Operation 1.8 us 

Word Operation 2.7 us 



SBRC performs a binary subtract between two operands from registers 
only, adding an initial carry setting, ancj stores the result at 
one of the registers. The contents of the Rl register is the 
minuend. The content of the R2 register is the subtrahend. The 
contents of carry 1 (2^ of the W Register) provides the initial 
carry. The result is stored at the Rl or R2 register depending 
upon the setting of the SF (Sub -Function) field. The SF field 
also indicates whether or not register addresses are to be inter- 
preted as standard or special registers. This is indicated as 
follows: 



SF Setting 


26 


25 











1 


1 








Action 


Rl 


- R2 + W0-> Rl 


S 


- R2 f WO-'' R2 


S 


- R2 + WO -^ S 



where S is only one of the following special registers that are 
valid for this instruction: 

BINO BINl 

DAD ; 

W 
X 



The S field indicates a byte (S = 0) or word (S = 1) operation. 



SBRC Continued 



When an R field designates a standard register, it is conditioned 
by the Program State (X) Register bit 2^ as follows: 
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Note if a special register is designated, , 2^ and i? bits of the 
instruction are don't care cases. 

The initial setting of the W (Control) Register affects the operation 
as follows: 



W Register Bit 
2° Carry 1 



Action On 



The setting of this position is used as 
a carry into 2^ position, of the operation. 



The instruction modifies W Register Bits as follows: 



20 Carry 1 



Set to one if carry, set to zero if no 
carry from most significant bit of 
operation (2^ for byte and 21-5 for word 
operations) . 



SBRC Continued 



W Register Bit 
24 Carry 2 



2I NZD 



26 Bit Operation Test 



Action On 

Set to one if carry, set to zero if no 
carry from next most significant bit of 
operation (2^ for byte and 2l4 for word 
operation) . 

If result of SBRC is zero, this bit remains 
unchanged from initial setting. If the 
result of SBRC is not zero, it is set to 
one. 

Set to zero if most significant bit of 
result is zero and set to one if non-zero 
(2' for byte and 2-'-^ for word operations). 



NOTE: 1. Register to Register Subtract places result in minuend 
and Memory to Register Subtract places result in 
subtrahend. 

2. When a Special Register is indicated for an R field, the 
S field of the instruction is ignored and the operation 
is byte only. 

3. If S = 1, 2O of the R2 and 2^ of the Rl fields are 
ignored and the full data words are used for this 
instruction. 



ANDR And 

(Register Perform - And) 



RPAND 



F 


Rl 


SF 


S 


R2 


Fimction Code 


10100 


4 Bits 


2 Bits 


1 Bit 


4 Bits 



,15 



2II 2IO 



2? 26 



,0 



Bit Position 



Instruction Time 



Byte Operation 1.8 us 
Word Operation 2.7 us 



ANDR performs a logical "And" between two operands which are 
registers, and stores the result at one of the registers. The 
contents of the registers indicated by the Rl field and R2 field 
are the operands. The result is stored at the Rl or R2 register 
depending upon the setting of the SF (Sub -Function) field. The 
SF field also indicates whether a Standard or Special Register is 
to be interpreted by ANDR. This is indicated as follows: 



SF Setting 


26 


25 
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1 






Action 

Rl anded R2 — y Rl 
S anded R2 -^ R2 
S anded R2 ^> S 



where S above is only of the special registers that are valid for 
this instruction: 

BINO BINl 

DAD 

W 

X 



'^he S field of the instruction indicates a byte (S=0) or word (S=l) 
operation. 



ANDR Continued 



When an R field designates a standard register, it is conditioned by 
the Program State (X) Register 2^ bit as follows: 
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Note if a Special Register is designated, 20 and 27 bits of the 
instruction are don't care cases. 



initial setting of the W (Control) Register is not affected by 
5 instruction. However, ANDR affects the NZD bit (2^) of the 



The 

this 

W Register. If the result of the instruction is zero,' set NZD to 

zero, otherwise set to one. Thus, 



2l (NZD) of W = 
21 (NZD) of W = 1 



if result in R = 
if result in R -^ 



NOTES : 



When a Special Register is indicated for an R field, 
the S field is ignored and the operation is byte only. 

If S=l, 20 of the R2 and 27 of the Rl fields are 
ignored and the full data words are used for this 
function. 



SRST Standard Register Set Transfer RMXF 

(Matrix to Matrix Transfer Across Xl Bit Boundary) 
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Rl 


SF 


S 


R2 


Function Code 


01001 


4 Bits 


2 Bits 


1 Bit 


4 Bits 



>15 



.11 2lO 27 26 25 
Bit Position 



24 23 



2O 



Instruction Time 



1.8 us 



This instruction performs a transfer betv/een two registers which 
can be of different Standard Register Sets. The R2 register is 
the source and the Rl register is the destination. 

Rl — > R2 

The SF field is not standard for this instruction but has the 
following meaning for SRST. 



S^ eraser 1 


^* i 


XI 


fOE9r) 













A •■M/ 


A ►/• 





/ 





a — •»// 


/ -P 


/ 








I — ►/= 


A *-U 


/ 


/ 







Z ,.P 











/ 


/ — -p 


I *^P 


/ 


/ 


I — ^'P 


A ►// 


/ 
/ 





/ 


a — *■/<• 


/ "P 


/ 


/ 




/I -» 





Note the Program State Register (X) Bit 2 also affects the SF 
field. This is interpreted as follows: 



SRST Continued 



SF Setting 


26 
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1 



Rl 



Interpretation of 

R2 



Current State <^ 
Current State <- 
Other State < — 
Other State < — 



-Current State 
Other State 
Current State 
Other State 



When 2I of X Register = 

Current State = Register Set 1 AOAl through HOHl 
Other State = Register Set 2 lOIl through POPl 

When 2^ of X Register = 1, the sets are reversed. 

The S field of the instruction indicates a byte (S=0) or word (S=l) 
operation. /? f/£iOS 

The R fields are specified as follows: 
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Note that this instruction does not manipulate any of the special 
registers. 



SRST Continued 

The W (Control) Register does not affect nor is it affected by 
this instruction. 



NOTES: 1. If S=l, 2 of R2 and 2 of Rl fields are ignored and 
full words (16 bits) are transferred. 

2. If S=0, odd addresses transfer the low order byte and 
even the high order byte. 



TRR Transfer 

(Register to Register Transfer) 



RPXF 
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Rl 


SF 


S 


R2 


Function Code 


01011 


4 Bits 


2 Bits 


1 Bit 


4 Bits 



>15 



2ll 2l0 27 26 25 
Bit Positions 



>0 



Instruction Time - Byte or Word Operation - 1.8 us 



This instruction executes a transfer between two registers. The 
register indicated by the R2 field is the source and the register 
designated by the Rl field is the destination when SF=0. However, 
the Sub-Function field also designates standard or special registers, 
This is indicated as follows: 



SF Setting 
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Action 



R2— > Rl 
S =» R2 

S — > Rl 



Where S is one of the following special registers that are valid 
for this instruction: 



BINO BINl 
BOUTl B0UT2 
DAD 

W 

X 

The S field of the instruction indicates a byte (8=0) or word (8=1) 
operation. 



TRR Continued 



When an R field designates a standard register, it is conditioned 
by the Program State (X) Register 2^ bit as follows: 









we 



iV3 



lY^ 



IV5 



iV7 



WD/c-jra.e /^oa: Pi-Oi-^e^^ cs£ 



lA/o/CJ!'0\- roe /^A.-otS)?'i^-r tJS£ 






'E7ri$pT^i'7=lh'DlcWe'^Vsi'aTfW^rfvP 
Pi^oai^^j^ifJo/uroe-SfrsPU/nuroucoKsoLt 






/?F/eLOS 



/J 1 

1 J 




7 


MAlk'/X 

pes 
y/ = 


SP£CIJL 
P£GISTeiP 

(ep) 


z^^' 


1 




o 


/ 


o o 


o 


o 


^o 


lO 


Brfjo 

BIA/I 


o 


o 


1 


Al 


11 

JO 


o 


/ 


o 


60 


o o 


/ 


1 


Bl 


J/ 


/ 


o 


o 


CO 


KO 


Bourz 


o / 


o 


/ 


CI 


Kl 


o / 


1 


o 


DO 


LO 


Boar/ 


1 


1 


1 


Dl 


il 


1 o 


o 


o 


FO 


AfO 


04D 


1 o 


o 


/ 


£1 


Ml 


1 


/ 





FO 


HO 


y/ 


/ o 


1 


/ 


F/ 


Ul 


f t 


o 


o 


30 


do 


X 


1 / 





/ 


3/ 


01 


/ / 


f 


o 


UO 


PO 




1" 


1 


/ 


Ul 


PI 





Note if a special register is designated, 
instruction are don't care cases. 



20 and 27 bits of the 



The W (Control) Register is not affected nor does it affect this 
instruction. 



NOTE: 1. When a Special Register is indicated for an R field, 

the S field is ignored and the operation byte oriented. 

2. If S=l, 20 of R2 and 2^ of Rl fields are ignored and 

full data words (16 bits) are used for this instruction, 



XORR Exclusive Or 

(Register Perform - Exclusive Or) 



RPEXO 



Function Code 



Rl 



SF 



R2 



IllOO 



4 Bits 



! 2 Bits 



1 Bit 



13" 



211 2IO 



Bit Positions 



4 Bits 



Instruction Time - Byte Operation 1.8 us 

Word Operation 2.7 us 



This instruction performs a logical "exclusive or" between tv/o 
register operands and stores the result in one of the registers. 
The contents of the Rl and R2 registers are the operands. The 
result is stored at the Rl or R2 register depending upon the SF 
setting. The Sub-Function (SF) field also indicates whether 
special registers are used. This is specified as follows: 



Action 



Rl Xor R2— ^ Rl 
S Xor R2-^ R2 
S Xor R2"-> S 



SF Setting 
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Where S is one of the following valid special registers for this 
instruction: 

BINO BINl 

DAD 

W 

X 



The S field of the instruction indicates a byte (S=0) or word (S=l) 
operation. 



XORR Continued 



When an R field designates a standard register, it is conditioned 
by the Program State (X) register bit 2^ as follows: 
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Note if a special register is designated, 2l and 27 bits of the 
instruction are don't care cases. 

The initial setting of the Control (W) Register does not affect 
this instruction. However, Exclusive Or modifies the NZD (2l) bit of 
the W Register. NZD is set to zero if the result is zero and to 
ones if the result is not zero. Thus, 



NZD (2l) of W Register = 
NZD (21) of W Register = 1 



if Result = 
if Result j^ 



NOTE: 



1. When a Special Register is indicated for an R field, the 
S field is ignored and the operation is byte oriented. 

2. If S=l, 20 of R2 and 27 of Rl fields are ignored and full 
data words (16 bits) are used for this instruction. 



ORR Or 

(Register Perform - Or) 



Function Code 



11110 



2l5 



Rl 



4 Bits 



SF 



2 Bits 



2ll 2l0 



27 26 25 
Bit Positions 



Instruction Time - 



RPOR 



1 Bit 



R2 



4 Bits 



24 23 



2O 



Byte Operation 1.8 us 
Word Operation 2.7 us 



This instruction performs a loelc "nr-" k^j-t,^^ ^ 
registers and stores the resuU L oL nTTu '''• ^P^^^nds from 
contents of the Rl and R2 r!a^c^ u^^^ registers. The 
result is stored at rI II lo^^ ..^""^ ""^^ operands and the 

is specified as foll^^s '''"'"'' °" ^^"^^^^ ^^8^^^-- This 



SF Setting 
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25 




1 




Action 

Rl or R2 —> Rl 
S or R2— ^ R2 
S or R2 -"> s 



"^TsMll^llLT "' '"' '°"~'"^ ^''l" ^P-"l -sisters for 

BINO BIN 

DAD 

W 

X 

The S field indicates a byte (S-O) or word (s-i) operation. 



OKR Continued 



When an R field designates a standard register, it is conditioned by 
the Program State (X) Register bit 2-'- as follows: 
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R--i- 


z'z^z'^°\ 


o 


1 




o o 


O O 


40 


10 


BIfJO 




o o 


t 


Al 


II 







1 o 


so 


JO 


SZA// 




o o 


/ / 


Bl 


Jl 




/ 


o o 


CO 


KO 


Bourz 




o / 


o / 


CI 


Kl 




o / 


/ o 


DO 


to 


BOi/r/ 




O 1 


1 t 


Df 


11 




/ o 


o o 


to 


MO 


D^D 




/ o 


o / 


El 


Ml 




1 


/ 


fO 


NO 


n^ 




/ o 


/ / 


ft 


Ul 




/ / 


O 


30 


do 


X 




/ / 


/ 


31 


01 




/ / 


/ o 


uo 


PO 






/ / 


1 I 


^1 


Pi 





Note if a special register is designated, 20 and iJ bits of the 
instruction are don't care cases. 



;ing of the Control (W) Register does not affect this 
wever ORR modifies the NZD (2l) bit of the W Register. 



The initial sett: 

instruction. Hov/evej , ^ ^ 

NAD is set to zero if result is zero and set to one if it is not. Thus, 



NZD (21) of W Register = if Result = 
NZD (2l) of W Register = 1 if Result ?^ 

NOTE: 1. When a Special Register is indicated for an R field, the 
S field is ignored and the operation is byte only. 

2. If S=l, 20 of the R2 and 27 of the Rl fields are ignored 
and the full data words are used for this instruction. 



TAB Test and Branch 

(Test and Branch) 



TBR 



Function Code 



00100 



4 Bits 



215 



B 



6 Bits 



i 1 Bit 



2ll 2IO 



2? 26 
Bit Position 



2O 



Instruction Time - Branch 1.8 us 

No Branch 1.8 us 

This instruction performs a specified test. If the test is true 
a branch is taken; if not true, the next instruction in sequence' 

The Test (T) field designates the following tests: 



rF/£LD 





' ^B/^ 


0000 


fVO= / 


000/ 


^y/ - / 


00/0 


jve J / 


00// 


rvy -- / 


0/00 


if4'f 


/ / 


fyS ' / 


/ / 


**'i, m / 


Of// 


^r - / 


/ 


fyO'T 


'00/ 


ty/ = 


/ f 


e./?jiy/rcH 


/ / / 


tfO it *V4 


/'CO 


rK/r£pejpT 


1 / / 


wnei^opr-fisz 


' / / 




1 ' / / 


— . _i 



TEST 8«EAtfoiMT 



-■iw itcH 



A/o T U^E' C 






TAB Continued 

Note that test patterns 1110 and 1111 are not utilized and a no- 
branch (next instruction in sequence) v/ill be executed. 






fVO 



tV3 



MD/c^ra.e /^o^ pf?0(-j^/i^ iJS£ 



IKfO/C^rO/? ^Oe r/POGfP'SM US£ 



piruk re Tic o/y-c^ r/<?/7 



lY^ 






IV5 



/V<g 



iV7 



lA/o/c^ra/? Fov peaa/P^/i^ os£ 



'B/Tdpy?i^T-li-j'biCAT£j/?rsuif'of~BiTOP 



p/?o<;/?j!M!iJO/c£roi^-^fr$PTi/iiUTONCOf^SOLi 



The Branch Field indicates an increment or decrement of to 63 
words from the address of the next instruction in sequence. 



Branch Field Bits 



Action 



if 



20 = 
20 = 1 



increment 
decrement 



and 

26 2^ 2^ 2^ 2^ 2\ 

0~ 

1 

10 

11 

111110 
111111 



thru 



No. of Words 


1 
2 
3 

62 
63 



TAB Continued 



Since the increment or decrement is made to BIC (Basic Instruction 
Counter) when positioned at the next instruction in sequence a 
zero quantity V7ill take the next instruction in sequence. 

The X (Program State) Register Bit 20 (Basic Instruction Indicator) 
determines which BIC will be affected. 

when 

X2 = BIC HOHl is affected 
X2 = 1 BIC POPl is affected 

The W (Control) Register has no affect other than the specific tests 
as indicated and is not affected by this instruction. 



NOTE: The increment /decrement is by words and not bytes . 



SFT 



Shift 

(Register Shift) 



• 15 



2II 2IO 



28 2^ 2^ 2^ 



RS 



F 


SHIFT 








S 


R 


Function Code 


Not usea 


00111 


4 Bits 


X 


X 


X 


1 Bit 


4 Bits 



)0 



Bit Position 



Instruction Time - Byte or Word Operation 

(Shift one Bit only) 



1.8 us 



This instruction shifts left or right the contents of a byte or 
word size standard register by one bit. The instruction may 
indicate a previous stored carry in or stored carry out. 

The R field designates the standard register whose contents are 
to be shifted. The S field determines byte (S=0) or word (S=l) 
operations. The R field is also conditioned by the Program 
State (X) Register Bit X^ as follows: 



/?F/£LO 



z'^ 


■L 1 J, 


MATi/X 





/ 











^0 


TO 








/ 


Ai 


Tl 

JO 
J/ 





/ 





80 
CO 





/ 


/ 


/ 








KO 


/ 





/ 


ct 


Mr/ 


/ 


/ 





!:-o 


1.0 


/ 


1 


/ 


D/ 


LI 


/ 








El 


Ml 


/ 





/ 


/ 


/ 





fl 


Ml 


/ 


/ 


f 


/ / 








SO 


/ / 





/ 


jV 


5/ 


/ / 


/ 





uo 


PO 


/ / 


/ 


/ 


Ul 


PI 



fi?OG^AM >T^ TE /^£a'Sr£P (x ) 












SFT Continued 

The Shift Field defines the shift functions as follows: 



i 


SHIFT ] 


FIE 


LD 




210 


29 


28 


27 


26 25 











X 


X 


X 








1 


X 


X 


X 





1 





X 


X 


X 





1 


1 


X 


X 


X 


1 








X 


X 


X 


1 





1 


X 


X 


X 


1 


1 





X 


X 


X 


1 


1 


1 


X 


X 


X 










■ ■ 



Action Result 



Shift left, zero carry-in, shift out lost 1 
Shift left, zero carry- in, shift out into 

20 of W 2 

Shift left, 20 of W carry-in, shift out 

is lost 3 

Shift left, 2O of W carry-in, shift out 

into 2O of W 4 

Shift right, zero carry-in, shift out is lost 5 
Shift right, zero carry- in, shift out into 

2O of W 6 

Shift right, 20 of W carry-in, shift out is 

lost i 7 

Shift right, 20 of W carry- in, shift out 

into 20 of W 8 



"X" means don't care cases. However note that the numbers: 

Numbers Result 



0-7 
8-15 
16-23 
24-31 
32-39 
40-47 
48-55 
56-63 



1 
2 
3 
4 
5 
6 
7 
8 



if put into the full shift field (25-210) yield the same 8 results. 



SFT Continued 



The W (Control Register) Register affects the operation as follows: 

W Register Bit Action 

2 Carry 1 as described in the Shift Field 

and the W Register is modified by this instruction as follows: 

20 Carry 1 



24 Carry 2 



1. 
2. 



3. 

1. 
2. 



When Shift bit 2^ = 0, then carry 1 is 
not modified from initial setting. 
When Shift bit 28 = i, then carry 1 is 
set to one when: 

Shift Left, byte shift, carry from 27 
Shift Left, word shift, carry from 2l5 
Shift Right, byte or word, carry from 20 
When there is no carry in the above cases, 
carry 1 is set to zero. 

When Shift bit 28 = o, then carry 2 is 
not modified from initial setting. 
When Shift bit 28 = i, then carry 2 is 
set to one when: 

Shift left, byte shift, carry from 26 
Shift left, word shift, carry from 2l4 
Shift right, byte or word, carry from 2l 
When there is no carry in the above cases, 
carry 2 Is set to zero. 



NOTE: When S=l, the 20 bit of the R field is ignored and a 
16 bits are manipulated. 1 



full 



lOB I/O Test and Branch 

(I/O Test and Branch) 



Function Code 



01100 



4 Bits 



2l5 



B 



6 Bits 



2ll 2lO 2^ 2^ 

Bit Position 



Instruction Time - Branch 

No Branch 



1.8 us 
1. 8 us 



lOTBR 



+ 



1 Bit 



>0 



lOB performs a specified test which is associated with I/O 
operations. If the test is true, a branch is taken; if not true 
the next instruction in sequence is taken. ' 

The test (T) field designates the following tests: 



T'F/ELD 



o o o o 

O / 


/ornA^ 


a/MJ- / 


3/ A// -- / 


o o / o. 


^/-v^--/ 


o o / / 


arM3 = / 


O / o o 


B/A/4 ^ / 


O / / 


ewj c / 


O / / O 


BIAJ(i = t 


O / / / 


BTAJT'/ 


/ o o o 


MK6W'/ 


f O O / 


^5B '/ 


' O / O 




/ O / / 

/ / o 






' / o / 




/ ' / o 









lOB Continued 

t^'^ra that 1010 (10) through 1111 (IS) are not utilized and a no- 
branch (next instruction in sequence) will be executed. 



J SET 



Z'mi 






lll'^Ii^ f.^r / c^-^-j 



• / ^6 J' yr.r-e ssr^(:-p•) 



?^S.^-^'^!^f. %J^?'Vxri^-A /'SfAf/Tr^' 



The Branch Field indicates an increment or decrement of to 63 
words from the address of the next instruction in sequence. 



Branch Field Bits 

if 20 = 
20 = 1 

and 
26 2^ 2^ 2^ 2^ 2^ 



1 

10 

11 

111110 
111111 



thru 



Action 

increment 
decrement 

No. of Words 




1 
2 
3 

62 
63 



lOB Continued 

Since the increment or decrement is made to BIG (Basic Instruction 
Counter) when positioned at the next instruction in sequence, a 
zero quantity will take the next instruction in sequence. 

The X (Program State) Register Bit 2^ (Basic Instruction Indicator) 
determines which BIC will be affected. 

When 

X20 = BIC HOHl is affected 
X20 = 1 BIC POPl is affected 

The W (Control) Register has no effect other than the specific 
tests described above and is not modified by this instruction. 



NOTE 



The increment /decrement is by words and not by bytes, 



CSPR Constant to Special Register 

(Constant to Special Register) 



Function Code 



01111 



,15 



2II 2IO 



R 



3 Bits 



28 27 
Bit Position 



C 



8 Bits 



CSPR 



>0 



Instruction Time - Constant to Bout 

Other Registers 



2.7 us 

1.8 us 



This instruction transfers the literal field C to one of the 
Special Registers. Depending on the nature of the Special 
Register, the instruction performs a variety of operations. 

The R field specifies only the following Special Registers as 
follows : 



R Field 



2IO 29 28 1 





1 


1 





1 





1 








1 





1 


1 


1 



Special Register 

Bout 1 
Bout 2 
DAD 

Control (W) 
State (X) 



_ Affect 

I/O output. Strobe 1 
I/O output. Strobe 2 
Loads I/O Device Address 
Affects Register Settings 
Affects State of System 



Other combinations are not valid addresses for this instruction. 
If these are used, they will be specified at a later date. 

The initial setting of the X and W registers do not affect this 
instruction. However, both can be changed by this instruction 
if they are designated in the R field or described above. 

The C field can have the values: 



C 

NN 
0-255 



a character constant 

a hexadecimal constant 

an absolute value or an absolute symbol representing 0-255 



DAB Decrement and Branch 

(Decrement and Branch) 



2l5 



2II 2^0 2^ 2^ 

Bit Position 



Instruction Time 



Branch 
No Branch 



2. 7 us 
1.8 us 



DECBR 



F 


R 


B 


+ 


Function Code 


OHIO 


4 Bits 


6 Bits 


1 Bit 



)0 



This instruction decrements by one, the contents of one of the 
Byte Standard Registers and branches if the result is non-zero, 
If result is zero, the next instruction in sequence is taken. 

The R field designates a Byte Size Standard Register and is 
conditioned by the 2 bit of the X (Program State Register) 
Register also. Both are indicated below: 
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/ 
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/ 
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El 
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/ 





fO 


NO 
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fl 


Ul 


/ / 








SO 


do 


/ / 
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ai 


01 


/ / 


/ 





uo 


PC 


/ / 
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/ 


u/ 


PI 






' \pf(Snm 






SELECTS Br COL'K/7ffe CU ) " 



i^s ^/yz-^/p j^-r / (<^- /•) 



/?£;^ :?'/"r/C s-'r ^ (/- p) 
AUTOMATIC .■/■yr.'-f.A J' r~rf'rZ'ir7£o 
AurtiM^nc j'/rc'A i::/pr j.kjijie/r£D~ 



DAB Continued 

The Branch Field (B) indicates an increment or decrement of to 63 
words from the address of the next instruction in sequence. 

Branch Field Bits Action 

if 20 = increment 

20 = 1 decrement 

and No. of Words 

26 25 24 23 22 2l 



1 1 

10 2 

11 3 

thru 

111110 62 

111111 63 

Since the increment or decrement is made to BIC (Basic Instruction 
Counter) when positioned at the next instruction in sequence, a zero 
quantity will take the next instruction in sequence. 

The X (Program State) Register Bit 20 (Basic Instruction Indicator) 
determines which BIC will be affected. 

When 

X2 = BIC HOHl is affected 
X2 = 1 BIC POPl is affected 

The W (Control) Register is not affected nor does it affect this 
instruction. 



NOTE: The amount of increment/decrement is by words and not bytes 
to the BIC. However, the Byte Standard Register indicated 
in the R field is decrement by binary "1". 



IDR Increment /Decrement 

(Increment /Decrement) 



Function Code 



00110 



R 



4 Bits 



X 



6 Bits 



>15 



2ll 2l0 



2^ 1^ 2^ 
Bit Positions 



INCR 



+ 



1 Bit 



)0 



Instruction Time 



1.8 us 



IDR permits a limited unconditional increment or decrement to one 
of the word size Standard Registers. When the BIC (Basic Instruction 
Counter) is selected, this instruction serves as an Unconditional 
Transfer . 

The R Field designates a word size Standard Register and is also 
conditioned by the 2^ Bit of the X (Program State) Register. These 
are indicated below. 



R Field 




2IO 29 


28 


27 








X 





1 


X 


1 





X 


1 


1 


X 


1 





X 


1 


1 


X 


1 1 





X 


1 1 


1 


X 



X2l=0 



AOAl 
BOBl 
COCl 
DODl 
EOEl 
FOFl 
GOGl 
HOHl 



Word Register 



X2l=l 



lOll 
JOJl 
KOKl 
LOLl 
MOMl 
NONl 
0001 
POPl 



llvM 



X represents don't care cases. 



IDR Continued 

The Increment /Decrement (I) Field indicates an increment or 
decrement of to 63 words from the contents of the register 
specified by the R field (amount of to 126 bytes in steps of 
two) . If the contents of the register represents a memory address , 
then the increment /decrement field can be thought of having a range 
of to 63 addresses or instructions. The I field is interpreted 
as follows: 





I Field 


Bit 




if 2C 


) = 







2C 


) = 


1 




and 




26 


25 24 


23 


22 21 























1 











1 











1 1 


1 


1 1 


1 


1 


1 


1 1 


1 


1 1 



thru 





Action 






increment 
decrement 




Bytes 


No. of 


Words 



2 
4 
6 





1 
2 
3 


124 
126 




62 
63 



(The I field represents a positive binary quantity). 



If R refers to a BIC (Basic Instruction Counters = HOHl or POPl) then; 

1. The Basic Instruction Indicator (20 position of the X Register) 
and Register Set Indicator (2l Position of the X Register) should 
be set as "00" or "11". 

2. The I field is applied to the BIC counter as indicated by the 

X Register. Thus, I indicates the number of words (0 to 63) to 
branch. The I field is applied the BIC which is positioned at 
the next instruction in sequence. Therefore, a zero quantity in 
the I field will take the next instruction in sequence. 



The W Register (Control) does not affect nor is it affected by this 
instruction. 



CSTR Constant to Standard Register 
(Constant to Matrix Register) 



,15 



2II 2IO 



28 2^ 
Bit Positions 



CMR 



F 


R 


C 


Function Code 


01101 


3 Bits 


8 Bits 



,0 



Instruction Time 



1.8 us 



CSTR transfers a constant as given in C to a byte sized standard 
register. 

The R field designates a limited set of byte size standard registers 
and is conditioned by the setting of the Register Set Indicator (2 
of the X Register) as shown below: 

X2l = X2l 



R Field 



210 


29 28 

















1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 





Register 

AO 
Al 
BO 
Bl 
CO 
CI 
DO 
Dl 



Register 

10 
II 
JO 
Jl 
KO 
Kl 
LO 
LI 



Note Registers E-H and M-P cannot be addressed by this instruction, 

The C Field provides a literal quantity that is transferred to the 
designated register. The numerical value can be 0-255 or an 
absolute s3mibol with a value of 0-255. 



The W Register is not affected nor does it affect this instruction, 



BIT Bit Operation 

(Bit Operation) 



Function Code 



00101 



.15 



3 Bits 



2ll 2l0 



SF 



X 



4 Bits 



28 27 2^ 
Bit Position 



BITOP 



R 



2^ 2^ 



2O 



Instruction Time 



1.8 us 



BIT provides the ability to set, reset, or test an individual bit 
within a byte size standard register. 

The R field designates a byte size Standard Register and is 
conditioned by the 2^ bit of the X (Program State) Register as 
follows: 
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IVd) 
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/^£G/sr£f? S£^ / c^-^) 



/?£6rsT£/Z S£r P (I- P ) 
AuroMAfic jfjr£A K'-'/fr /.wu'si reo 



BIT Continued 



The Z Field specifies the bit in the Standard Register as given 
by the R field to be operated on. It is specified as follows: 

Bit Position of Byt e 
Register 

20 

2l 
22 

23 

24 

25 
26 

27 



z 


Fie 


Id 


2IO 29 28 

















1 





1 








1 


1 


1 








1 1 


1 1 1 1 


,1 i ill 



The SF Field designates the specific operation on the bit as follows 



SF 



tJ 2^ 2^ 2^ 


X 








X 


X 





1 


X 


X 


1 





X 


X 


1 


1 


X 



operation 



No Operation 
Test Bit 
Reset Bit (to 0) 
Set Bit (to 1) 



"X" specifies don't care fields. 

The Test Bit Operation is as follows: 

1. If tested bit = zero, set 2" (test bit indicdtor) 

Bit of W Register to zero. 

2. If tested bit = one, set 2^ (test bit indicator) 

Bit of W Register to one. 

The initial setting of the W Register (Control) does not affect 
this instruction. However, BIT may modify the Test Bit (26 of 
W Register) as described above. 



Halt Halt 

(Halt - Normal Operation) 



Function Code 



00011 



J5 



2II 2IO 



Instruction Time 



HLT 



(Display) 



(4 Bits) 



24 23 



Bit Positions 

1.8 us 



,0 



This instruction halts the system. It is the programmer's 
responsibility to check for l/O completions before issuing this 
instruction. The low order 4 bits (23-20) are displayed on the 
operators panel for communication purposes. If the start button is 
depressed after a halt instruction, the machine will start with 
the next instruction in sequence. 

The X and W Registers do not affect nor are they modified by this 
instruction. 



NOTE; 



The S bits of the function code provide 32 combinations of 
which 29 are utilized including Halt. The other three are also 
Halts except they will light the operator's Panel Error 
Indicator. This can be reset by any of the following 
switches: RDM, WRM, Step Halt, Start, and General Reset. 
The illegal Halt Function Codes are: 

00000 
00001 
00010 



